The nuclear quadrupole interaction of the I=5/2 state of the nuclear probes 111 Cd and 181 Ta in the anatase and rutile polymorphs of bulk TiO 2 was studied using the time differential perturbed angular correlation (TDPAC). The fast-slow coincidence setup is based on the CAMAC electronics. For anatase, the asymmetry of the electric field gradient was η=0.22 (1) 
Introduction
The interest in the study of TiO 2 matrix lies in the fact that in last few decades, TiO 2 , a large band gap semiconductor [1] (3.2 eV for anatase and 3.06 eV for rutile) has emerged as one of the very important materials. It not only has developed interest in the basic research [2] but also has emerged as technologically important material [3] . TiO 2 either pure or in doped form has uses as photocatalyst for water purification, energy converter in solar cells, white pigment in paint, lipsticks, drugs, toothpaste, sunscreen material for the protection from UV light -to name a few. TiO 2 exists in different polymorphs of which the two important forms are anatase and rutile. Anatase is kinetically stable but rutile is thermodynamically stable at higher temperature.
Anatase TiO 2 transforms irreversibly to rutile at higher temperature. These two modifications have uses depending on specific applications [4] . Both these polymorphs have tetragonal structures with different space groups, viz. I4 1 /amd(141)for anatase and P4 2 /mnm(136) for rutile.
This structure indicates a symmetric EFG. For oxygen it is 2mm for both these modifications.
However, a nonzero  in both modifications has been observed. This needs clarification. TDPAC studies in case of anatase TiO 2 is scanty. Our earlier work [5] is one of the first TDPAC studies using 44 Sc as the probe. In the present work we used two probes viz. 181 Ta and 111 Cd which have different valence states. Thus the chemistries of these probes with the host matrix are also different. The quadrupole interaction parameters can thus be good tools to understand the probehost interaction. Another aspect concerning the dependence of the origin of the probe or decay mode through which the probe is formed has been addressed in this paper.
Experimental:

Electronic circuit
The electronics setup is comprised of three BaF 2 detectors (30mmx30mm cylindrical) coupled to XP2020Q photomultiplier tubes. DC coupled anode outputs were used for the timing purpose. Pulses from the tenth dynode and processed by the preamplifier have been used for the energy signal. CFD output for the start signal was directly fed into the TAC start input. However, the two stop signals (90° and 180°) from the CFDs were fed to the logic OR gate module (Philips model 755) through the gate and delay generators (GDG) which were used to change the delay and increase the pulse amplitude of the CFD outputs required by the logic unit.
Three amplifier outputs and the TAC output were the inputs for the CAMAC ADC (ORTEC model AD413A). The TAC SCA output was used as the master gate for the ADC. The crate controller (CC2000) [6] worked as the interface between the ADC and the PC which was used to provide instruction to the ADC through the software AMPS [7] used for the data acquisition, application of energy gates and data analysis. Data were recorded event by event in LIST mode with energy and time tagged on it. Coincidence events for the specific energy cascade were obtained by analysis of the LIST data by the software AMPS. The preparation of anatase TiO 2 and labeling with nuclear probe was done by the hydrolysis of Ti-tetra isopropoxide in presence of the probe. The details of this preparation is described elsewhere [5] . There is a small difference in chemistry for doping 111 Ag in TiO 2 . The hydrolysis process in this case was carried out with NaOH solution instead of ammonia since silver dissolves in ammonia. 111 Ag probe was used in the carrier free form. This was obtained by chemical separation [8] from the Pd matrix which was used as target to produce 111 Ag by neutron irradiation. The precipitates were thoroughly washed with water to remove any ammonia or NaOH present in the samples. They were then dried and annealed at different temperatures for nearly four hours in air. It was observed that TiO 2 annealed at 823K remained in the anatase phase and it was converted into rutile phase at 1123K. The samples annealed at different temperatures were counted by the coincidence setup mentioned above.
TDPAC measurement:
The time resolution of the coincidence setup was measured using 106 Cd probe, the coincidence rate for the 97-245 keV cascade was very poor and the sample was to be counted for 3-4 days to achieve reasonable coincidence counts. The coincidences at 90° and 180°
were used to obtain the perturbation factor A 2 G 2 described below. The energy gates were adjusted in the software to get the best possible time spectrum with least prompt contribution at individual angle.
TDPAC theory:
The nuclear quadrapole interaction of the I=5/2 intermediate state leads to the splitting with three eigenvalues, E 1 , E 2 and E 3 represented by [9] :
Where η is the asymmetry of the electric field gradient mentioned below.
The three precession frequencies are:
With quadrupole frequency is:
where Q denotes the quadrapole moment of the I = 5/2 state and V zz is the largest component in magnitude of the EFG tensor. The perturbation function is thus:
Experimental data were fitted with this function modified with the finite distribution of ω Q . In the present case we have used lorentzian distribution.
TDPAC spectra for the anatase and rutile TiO 2 with 181 Ta probe are shown in figure-1.
On the left of the figure are shown the A 2 G 2 spectra and the corresponding cosine transforms are shown on the right. Figure-2 
Discussion
In this present work we address some aspects related to fast-slow coincidence circuit based on the CAMAC electronics adopted for TDPAC studies and the results of nuclear quadrupole interaction in anatase and rutile TiO 2 with different probes. Performance of this system was checked by measuring the quadrupole interaction parameters for known systems viz. of d1 and d2 in anatase and rutile phases vary depending on the probe and the number of electrons to be added over the indigenous Ti ion. It is found [12] that though d1 increases, there is decrease in d2 in rutile compared to those in anatase phase. Using these M-O parameters, Vzz in rutile has been found to be more in rutile for both probes 111 Cd [5, 12] and 181 Ta [11] . This, however, does not explain why V zz 's are different for the same probe originating from different parents. Is the after-effect of the EC decay which is responsible for the lower value of the V zz in 111 In-
111
Cd probe? We have not observed any indication of time dependent interaction in the TDPAC spectrum. It is known that the EC decay is an energetic process which causes lot of shake off in the electron shells leaving the daughter probe in high charged state. In other words, there is deficiency of electron density around the probe nucleus in the EC decay process. If the relaxation is not very fast, it is possible that the V zz will be less due to low electron density in the case of EC decay compared to that in beta decaying parent. Theoretical calculation is underway to explain the details of bonding of the probe atoms and the role of the charge states of the daughter due to difference in the decay modes of the parents in these two polymorphs of TiO 2 .
Conclusion
Bulk Nano TiO 2 and the thin film of TiO 2 are important materials for several applications and understanding the structures of these materials would be interesting from basic research point of view. The results for the bulk TiO 2 described in this work would be a guideline to interpret the data for these materials to understand the structural aspects. Research is in progress in this direction. 
